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Adrenocortical carcinoma: a practical guide for clinicians

Martin Fassnacht, Soraya Puglisi, Otilia Kimpel, Massimo Terzolo

Adrenocortical carcinoma is a rare endocrine malignancy. The management of patients with adrenocortical carcinoma
is challenging for several reasons, including its heterogeneous but frequently aggressive biological behaviour; tumour-
related hormonal excess (eg, Cushing’s syndrome or virilisation); the overall paucity of evidence regarding diagnostic
investigation and treatment; the approval of only one drug (mitotane); and the scarcity of centres with sufficient
experience. In this Review, we present 25 questions on the most important aspects of the clinical management of adult
patients with adrenocortical carcinoma that we have frequently asked ourselves over the past 25 years. We offer our
personal answers and perspectives, drawing upon published evidence as well as more than 60 years of collective clinical
experience and insights from our management of more than 1700 patients across two centres in Germany and Italy.

Introduction

Adrenocortical carcinoma is a rare malignancy, in
contrast to benign adrenal tumours, which are among
the most common human neoplasias with a prevalence
of greater than 3% in adults older than 50 years." In this
Review, we present and discuss the challenges involved
in the management of patients with adrenocortical
carcinoma, together with our personal recommendations
regarding 25 of what we believe are the most crucial
clinical questions. These questions arose during
discussions of the key topics addressed in guidelines and
frequently asked questions. The aim of this Review is not
to provide a systematic review of the literature, but to
present our personal views based on the publications
available and our experiences of the management of
adult patients with sporadic adrenocortical carcinoma.
By doing so, we hope to provide guidance in navigating
the uncertainty surrounding the scientific evidence. We
have addressed the most important aspects of clinical
practice. However, due to space restrictions, we are
unable to cover many more basic or translational research
topics.

The incidence of adrenocortical carcinoma is
approximately 1-2 per million per year’* and is more
common in women (55-65%) than in men (35-45%).”°
Adrenocortical carcinoma poses unique challenges to
physicians, who must tackle both tumour progression
and hormone secretion, and it considerably affects life
expectancy. The 5-year survival rate is generally poor,
although it varies according to the European Network for
the Study of Adrenal Tumours (ENSAT) stage (65-82% for
stage I, 58-68% for stage II, 41-55% for stage III, and
10-20% for stage IV), with survival slightly improving in
the past 20 years.”® Due to the rarity of adrenocortical
carcinoma, most of our knowledge comes from small,
retrospective studies, which explains the limited progress
in the comprehension of pathogenetic mechanisms,
prognostication, and treatment.’

Clinical presentation and diagnostic investigation
(1) What are indicative clinical and biochemical findings
for adrenocortical carcinoma?

Adrenocortical carcinoma is a multifaceted disease with
different clinical presentations. Severe Cushing’s

syndrome combined with severe virilisation is at the
extreme end of the spectrum, with randomly discovered
asymptomatic tumours at the milder end. A clinically
apparent overt endocrine syndrome can be found in up
to 60% of patients,®" however, frequency varies with
referral and is higher in endocrine series than in
oncological or surgical series because endocrine
investigations are usually more comprehensive when
done by endocrine departments.**" Hormone-secreting
adrenocortical carcinomas are more common in women
or than in men, but androgen-producing adrenocortical
carcinomas exist in men and can be overlooked because
men have high endogenous testosterone and adreno-
cortical carcinoma-induced androgen secretion is usually
negligible."

Cortisol excess is the most common laboratory finding
in adult patients with adrenocortical carcinoma and is
frequently associated with autonomous secretion of
androgens (or other steroids). A concomitant Cushing’s
phenotype and signs of sex hormone excess suggests
adrenocortical carcinoma, as well as biochemical
evidence of multiple steroid co-secretion. Another sign is
a Cushing’s phenotype with constitutional or cancer-
related features. With a rapidly growing adrenocortical
carcinoma or high tumour burden, cancer-related
features can dominate over steroid-associated symptoms.

A nation-based survey in Italy published in 2023
revealed that presentation as adrenal incidentaloma is
increasingly common and presented in 181 (38%) of the
475 patients.® In this group of patients, 46 (25%) showed
biochemical evidence of autonomous cortisol secretion,
despite not having classic Cushing’s features.

(2) What are the strongly recommended diagnostic
procedures in patients with suspected adrenocortical
carcinoma?

In accordance with the European Society of
Endocrinology—~ENSAT and European Society for
Medical Oncology (ESMO) guidelines,® we are
convinced that a comprehensive diagnostic investigation
is essential for best patient outcomes (panel 1). Although
the cost-effectiveness of a detailed preoperative
endocrine assessment has not been proven, we
recommend it for four main reasons. First, the detection
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of adrenal steroid excess might enable a non-invasive
diagnosis of an adrenocortical tumour. Second, the
steroid pattern might indicate that the adrenal lesion is
probably malignant (eg, co-secretion of sex hormones
and cortisol, secretion of steroid precursors, or elevated
oestradiol in males are all highly suspicious for
adrenocortical carcinoma).” Third, high concentrations
of adrenal hormones before surgery could act as tumour
markers during follow-up.®” Finally, if autonomous
cortisol secretion remains undiagnosed, complete
resection might lead to life-threatening adrenal
insufficiency. Using the recommended hormonal tests,
only a minority of adrenocortical carcinomas are
hormonally inactive. In non-secreting tumours,
alternative diagnoses to adrenocortical carcinoma should
be considered.

Adequate visualisation of the tumour and potential
metastases is also crucial before any therapy. The
guidelines on adrenal incidentalomas' state that a low
tumour density (Hounsfield units <10) on unenhanced
CT scans is still the best method for ruling out
a malignant tumour. However, no imaging method can
establish whether an adrenal mass is really adrenocortical
carcinoma. In all patients with suspected adrenocortical
carcinoma, abdominal, pelvic, and thoracic imaging is
necessary, as overlooked metastases can lead to
inappropriate treatment. In our centres in Germany and
Italy, we frequently use [!8F]fluorodeoxyglucose PET
and CT, including a full-dose diagnostic CT, and value
the additional information provided by this method
(unless there is massive metastatic spread). However, we
are aware that such scanners are not widely available.

(3) When should adrenocortical carcinoma be
suspected in patients with adrenal incidentaloma and
what diagnostic steps should be taken?

Several clinical, biochemical, and radiological findings
could suggest that an adrenal incidentaloma is an
adrenocortical carcinoma. An adrenal tumour in
a patient younger than 50 years (adrenal adenomas are
mostly found in people >50 years), large tumour size
(most adenomas are <4 cm), or the presence of
constitutional or mass-related symptoms might indicate
adrenocortical carcinoma.” However, all these criteria
are non-specific. Therefore, all patients with suspicious
clinical features or unilateral adrenal masses that cannot
be diagnosed as benign based on established imaging
criteria' should be investigated immediately using
comprehensive endocrine and imaging investigations
(panel 1).

Therapy: surgery

The primary aim of surgery for adrenocortical carcinoma
is complete tumour removal (RO resection) with
negative margins. Achieving RO resection is crucial for
future outcomes and is usually the only chance of cure
in patients with adrenocortical carcinoma.’?
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Panel 1: Diagnostic investigations in patients with
suspected or proven adrenocortical carcinoma (adapted
from Fassnacht et al**)

Hormonal investigations
+  Glucocorticoid excess
+ 1 mgdexamethasone suppression test or free cortisol
in 24 h urine*
«+ Basal adrenocorticotropic hormone in plasmat
+  Sexsteroids and steroid precursorsi
+ Dehydroepiandrosterone sulphate
+ 17-hydroxyprogesterone
+ Androstenedione
+ Testosterone (only in women)
+ 17-B oestradiol (only in women who are
postmenopausal and men)
+ 11-deoxycortisol
+ Mineralocorticoid excess
» Potassium
+ Aldosterone to renin ratio (only in patients with
arterial hypertension or hypokalaemia, or both)
+  Exclusion of a phaeochromocytoma
+ Fractionated metanephrines in 24 h urine or free
plasma metanephrines

Imaging
+ CT or MRI of abdomen and pelvis
+  ChestCT

+  [**F]fluorodeoxyglucose PET or CT scans§
+ Bone or brain imaging (when skeletal or cerebral
metastases are suspected)

*1 mg dexamethasone test is the preferred method to exclude relevant
hypercortisolism. However, if overt Cushing’s syndrome is evident then cortisol
measurements in 24 h urine could quantify cortisol excess. Alternatively, salivary or
serum bedtime cortisol measurements can be used. tAdrenocorticotropic hormone
measurements can be skipped if hypercortisolism is excluded. $The most suitable set of
precursors and sex hormones has not yet been established, but we suggest broad liquid
chromatography-mass spectrometry based steroid panels if available. SNot necessary
in all patients, but helpful in patients with an undetermined adrenal mass or other
potentially metastatic lesions.

(4) What are the minimum surgical requirements for
suspected adrenocortical carcinoma?

Although reliable studies on this topic are still few in
number,”” we are convinced that the surgeon’s
experience and the case volume of the entire
perioperative team are paramount for a successful
operation. The ESMO-European Network for Rare
Adult Solid Cancers guidelines recommend that
surgery for adrenocortical carcinoma should only be
undertaken by surgeons who have done at least
six adrenalectomies per year (preferentially >20) and
have sufficient experience in oncological surgery.”” We
extended these non-specific recommendations in a 2022
review and recommend that patients with adrenocortical
carcinoma should be referred to cancer centres with
a minimal annual workload of 30 adrenalectomies, of
which at least six are for adrenocortical carcinoma.’
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(5) What is the best surgical approach?

Surgical techniques for adrenocortical carcinoma are
debatable because of the location of the adrenal gland
and its fragile capsule, making tumour rupture a major
risk. As such, enucleation and partial adrenalectomy is
contraindicated in the management of any suspected or
proven adrenocortical carcinoma.” The extent of the
surgical approach largely depends on the tumour burden
and disease stage. For resectable cases, extensive en bloc
resection is recommended, but the kidneys should not be
removed when there is no invasion.*

Open adrenalectomy is the standard approach in
adrenocortical carcinoma to ensure complete tumour
removal.”**? Although minimally invasive methods
are standard for benign tumours,' there is debate
regarding laparoscopic adrenalectomy for adrenocortical
carcinoma. In some studies, minimally invasive surgery
has been associated with a higher frequency of R1 surgery
and peritoneal carcinomatosis.*** However, meta-
analyses in the past 9 years have reported no significant
adverse outcomes in tumours resected by minimally
invasive surgery.®** In our experience, rather than
choosing between open or minimally invasive surgery, it
is more important that the surgeon has considerable
experience in adrenal surgery and adheres to the
principles of oncological surgery.

There is no general consensus regarding the optimal
extent of regional lymph node resection during primary
resection.”** Its effect on survival varies across retro-
spective cohort studies, but overall these studies suggest
an improved outcome with lymphadenectomy.* We thus
recommend that lymphadenectomy should be done,
including at least the periadrenal and hilar nodes in all
patients with suspected adrenocortical carcinoma,
although the best extent of lymphadenectomy is still
uncertain.**

(6) Which patients are eligible for neoadjuvant
treatment?

In other types of cancer, initially unresectable tumours
might become resectable after neoadjuvant therapy.
However, all retrospective studies in adrenocortical
carcinoma have selection bias and cannot answer this
question, although they point towards some benefit.**
Arguments in favour of neoadjuvant therapy include
initiating systemic therapy at the earliest possible time,
decreasing tumour size to increase the probability of
RO resection and minimise the magnitude of operation
required, and biological selection of patients to operate
only on those who have responded to induction
therapy.®**

Deciding which patients should be offered a neo-
adjuvant approach is highly challenging and requires
a careful multidisciplinary discussion. The risks of
extensive surgery should be weighed against the low
chance of a response to chemotherapy. Immuno-
depression following extensive surgery could favour

metastatic spread and, in our experience, surgery in
patients whose disease has been at least stabilised by
chemotherapy leads to a better outcome. Therefore, in
most patients in whom complete resection of all tumour
lesions is uncertain, we recommend first administering
systemic therapy (usually with etoposide, doxorubicin,
cisplatin, and mitotane (EDP-M); question 18) and then
re-evaluating  resectability after 2-6 cycles of
chemotherapy. However, severe Cushing’s syndrome
might be a factor against chemotherapy due to the high
risk of sepsis. Consequently, surgery that can rapidly
abate cortisol secretion could be preferable. In these
patients, we are increasingly using a short course of
rapidly acting, potent inhibitors of steroidogenesis
(ie, metyrapone or osilodrostat) given in high doses to
control cortisol excess before administering a definitive
treatment of either surgery or chemotherapy. The
main argument against neoadjuvant therapy is that
a completely resectable tumour could become unre-
sectable in the case of progression, despite treatment.

(7) What is the case for using debulking surgery in
patients with metastatic adrenocortical carcinoma?
Cohort studies on debulking surgery tend to have bias.
Interdisciplinary teams recommend surgery to
one patient, but not to another depending on the
experience of the physicians, which cannot be controlled
for in retrospective studies. We are therefore not
convinced of the benefit of debulking surgery, although
a few studies suggest a positive effect.”* In our centres,
we offer surgery to patients with metastatic disease only
if they have severe hormone excess that cannot be
otherwise controlled, and if about 80% of the tumour
burden can be removed safely. Other exceptions are
patients with a perceived risk of local complications
without other treatment options, such as radiotherapy.
However, if systemic therapy is successful, the possibility
of surgery should be re-assessed during follow-up.

Histopathology and prognosis

(8) What information from pathology reports is
important?

Securing a pathological diagnosis of adrenocortical
carcinoma is not easy; the rate of misdiagnosis was found
to be between 9% and 13% in two series from Italy and
Germany that underwent expert pathological review.”* It
is often difficult to differentiate between adrenocortical
carcinoma and non-cortical tumours. Immuno-
histochemistry for steroidogenic factor-1, the most
specific marker of adrenocortical tumour origin, is the
most helpful approach in making this differentiation.”
Pathological assessment should include the Weiss
score,” which considers nine specific histological
features of the tumour on haematoxylin and eosin-
stained slides (high nuclear grade, >5 mitoses
per 50 high power field, atypical mitoses, clear cells being
<25% of the total cells, diffuse architecture in more than
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33% of the tumour, necrosis, venous invasion, sinusoidal
invasion, and capsular invasion). If this score is 3 or
more points, the diagnosis of adrenocortical carcinoma
can be assumed to be confirmed.

Although the Weiss score is the most widely used
system, it is not standardised and the assessment of
some characteristics is subjective.® Other diagnostic
systems have been proposed to overcome this limitation,
such as the van Slooten index,” the modified Weiss
score,” the Helsinki classification,”* and reticulin
staining.” It is unknown which system is the most
accurate and experienced pathologists often use
a combination. For oncocytic tumours that, according to
the Weiss score would always be classified as malignant,
the Lin—-Weiss—Bisceglia system®* should be used for
accurate assessment.

Standard pathological assessment also includes
immunohistochemistry for the proliferation factor Ki67
in tumour areas of higher proliferation, since
Ki67 counting is key for establishing prognosis.”
Ki67 immunohistochemistry has become more popular
than a mitotic count for prognostication, although there
is interindividual variability in the scoring. Digital image
analysis systems have thus been proposed for a more
reproducible and reliable assessment,”*® but are not
widely available.

(9) Which prognostic factors help in selecting the
appropriate treatment?

Prognostication in adrenocortical carcinoma is primarily
based on tumour stage, resection status, and
Ki67 labelling (figure 1 and appendix p 7). The ENSAT
staging system’ is easy to use and, given its superior
prognostic capability compared with the TNM system,”
has been endorsed by guidelines.® The presence of
metastatic disease (stage IV) is the worst prognostic
factor and usually makes radical surgery impossible. In
patients with stage IV adrenocortical carcinoma,
prognosis can be stratified by the number of metastatic
organs and by using a comprehensive Grade, Resection
status, Age, and Symptoms (GRAS) score.® A modified
version of this score also includes stage (S-GRAS). The
application of S-GRAS in a large retrospective series of
942 patients with adrenocortical carcinoma who
underwent surgery led to a more granular and accurate
prediction of survival compared with the use of Ki67
index or tumour stage.”

With localised (stage I-III) adrenocortical carcinoma
that has been radically resected (RO microscopically
margin-free resection), the Ki67 index is the most
important determinant of prognosis (figure 1C).*
A prognostication scheme based on localised stage,
RO resection, and low grade (Ki67 <10%) adrenocortical
carcinoma was prospectively applied by the ADIUVO
trial, which validated the cutoff for Ki67 of less than or
equal to 10% as a criterion for a good prognosis.® It is not
clear if excess cortisol is linked to worse outcomes. 265

www.thelancet.com/diabetes-endocrinology Vol 13 May 2025

A
100+ ——ENSAT stage | (n=118)
——ENSAT stage Il (n=777)
= 80 ——ENSAT stage lll (n=353)
= ——ENSAT stage IV (n=465)
£ 60
2
2
T 407
g
o 20
0 T T T T T T
0 20 40 60 80 100 120
Time (months)
B
100 ——ENSAT stage | (n=83)
. —— ENSAT stage Il (n=525)
£ 804 ——ENSAT stage lll (n=174)
s —— ENSAT stage IV (n=70)
2
s 60—
3
= 40
Q
o
2 20
o
0 T T T T T T
0 20 40 60 80 100 120
Time after RO resection (months)
C
100 ——Ki67 <10% (n=315)
_ Ki67 10-20% (n=177)
£ ——Ki67 >20% (n=188)
g
2
2
g
b
Q
2
0 T T T T T T
0 20 40 60 80 100 120
Time after RO resection (months)

Figure 1: Survival of patients with adrenocortical carcinoma

(A) Overall survival according to ENSAT tumour stage (N=1713). (B) Disease-free
survival after RO resection (N=852). (C) Disease-free survival after RO resection
according to Ki67 proliferation index (N=680). Data derived from patients
treated in our two centres from 2000-24. For Cox regression analyses see
appendix p 7. ENSAT=European Network for the Study of Adrenal Tumours.

This uncertainty is possibly due to the different methods
used to categorise hormone secretion.

Within the general framework of a poor prognosis,
there is increasing awareness that the course of
adrenocortical carcinoma is heterogeneous. The classic
prognostic factors do not fully explain this variability;
studies have stratified patients with adrenocortical
carcinoma into separate clusters with different prognoses
based on the molecular signatures of adrenocortical
carcinoma using high-throughput omic technologies.**
Evidence from the past 15 years suggests that the
assessment of germline variants might reveal an
unsuspected familial pattern of adrenocortical carcinoma
and could add prognostic information.””” Understanding
the specific molecular and genetic characteristics of
adrenocortical carcinoma is an important research
avenue that must be transferred to clinical practice.

See Online for appendix
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Postoperative management

(10) How should patients be followed up after complete
surgical resection?

Given the scarcity of studies comparing different
surveillance protocols, most expert centres use cross-
sectional imaging of the thorax, abdomen, and pelvis,
and hormonal investigations every 3 months for
2 years.” We use [18F]fluorodeoxyglucose PET and CT
when the results of cross-sectional imaging are not
conclusive regarding disease recurrence and when
surgery is used to treat recurrent adrenocortical
carcinoma to establish disease extent. We then increase
the follow-up interval stepwise and, 5 years after
surgery, we monitor patients annually up to year 10,
when we usually stop surveillance in patients without
recurrence.

(11) Which patients are candidates for adjuvant
mitotane?

Adrenocortical carcinoma has a propensity to recur,
even after radical surgery, which supports adjuvant
approaches.”” We thus recommend postoperative,
adjuvant mitotane treatment in all patients, except when
the perceived risk of recurrence is low (figure 2). This
recommendation follows the conclusions of guidelines
to date™" and is current practice at most expert centres.”?
However, given that studies have been retrospective in
design and heterogeneous in patient characteristics,
thereisinsufficientevidence fora strong recommendation
(appendix p 2). Despite some heterogeneous findings,
the use of adjuvant mitotane is supported by two meta-
analyses.*® Another retrospective study showed that the
use of adjuvant mitotane was associated with prolonged

| Adrenocortical carcinoma amenable to radical resection?*

—>| Follow-up every 3 monthsq |

o

—| Tumour free

| Recurrence |

v

Disease-free interval >12 months
plus completely resectable

or not resectable

Yes No
tl Aim at complete resection by expert surgical team |
| Debulking
¢ ¢ N surgery** g
Complete resection (RO) RxorR1
resection
y
| | No previous systemic Recurrence during
therapytt adjuvant mitotane
Low riskt | | Standard riskt | | Very high risk§ | | |
=
©
| — | | | |
2 ACtIV? Agijuvant A(%Juvant A(%Juvant Indolenttt Standard risk <3 lesions§S§
2 surveillance mitotane mitotane and mitotane
g consider and consider | | |
=) addition of addition of
g etoposide plus radiotherapy Mitotane Mitotane and EDP Local therapies
o cisplatin monotherapy (and mitotane)
5
wv

Follow-up every 2-3 months

|<_
| | |

Partial response or stable disease: continue therapy (and re-evaluate surgery) |

Progressive disease |

v v v

Disease-free interval <6 months —

Mitotane plus EDP Consider second-line Mitotane plus EDP
or local therapies or third-line —
therapiesq[q

Figure 2: Treatment flow chart for adrenocortical carcinoma
If clinical trials are available, inclusion in these trials should always be considered. EDP=etoposide plus doxorubicin plus cisplatin. ENSAT=European Network for the Study of Adrenal Tumors. *All patients
with stage | and Il and most patients with stage Il adrenocortical carcinoma should be considered for radical resection. If complete resection is not feasible, consider neoadjuvant treatment

(eg, mitotane plus cisplatin or EDP). In selected patients with single metastases, complete resection might also be possible. In patients with R2 resection, consider re-surgery by an experienced surgeon.
TENSAT stage | or Il and Ki67 <10%. ENSAT stage | or Il and Ki67 between 11% and 30%, or ENSAT stage Ill and Ki67 <30%. SAny of the following: Ki67 =30%, large tumour thrombus in the vena cava,
stage IV, or R1 resection. 1See main text question 10. ||After recurrence, we recommend adjuvant therapy in all patients (depending on previous treatment of mitotane, mitotane plus etoposide plus
cisplatin, or mitotane plus radiotherapy in cases of local recurrence). **Only in selected patients (eg, with severe hormone excess). 1Or >12 months after previous systemic therapy. +fLow tumour
burden (<10 tumoural lesions and <3 affected organs) and a disease-free interval >1 year after initial radical therapy. If only 1-3 lesions <5 cm are present, addition of local therapy might be appropriate.
§SMost local therapies are more effective if the lesions are <5 cm maximal diameter. In specific patients, local therapy might also be useful, if more than three tumoural lesions are present. Mitotane
should be continued if clinical benefits can be assumed (or if the mitotane plasma concentration never reached >10 mg/L) and tolerability is acceptable. 9[See panel 2.
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recurrence-free survival in a monocentric series of
152 patients. The benefit on survival was particularly
evident for patients with stage III adrenocortical
carcinoma and a Ki67 proliferation index greater than
10%.* Mitotane is given at incremental doses during the
initial weeks of treatment. In our centres, we use slightly
different regimens: the low dose in Orbassano, Italy, and
the high dose in Wiirzburg, Germany (panel 3). Dose
adjustments are mainly driven by patient compliance
and monitoring of plasma mitotane concentrations
aimed at targeting concentrations higher than 14 mg/L.
We recommend giving mitotane for at least 2 years,
which is when most recurrences occur. Thereafter,
mitotane can be continued for up to 5 years in patients at
high risk of recurrence who have good compliance and
tolerability. Data from a retrospective study support this
recommendation.®

(12) For which patients can adjuvant therapy be
omitted?

In the ADIUVO trial, patients who underwent
a RO resection of localised (stage I-III), low-grade
(Ki67 <10%) adrenocortical carcinoma were randomly
allocated to active surveillance or adjuvant mitotane, but
showed no significant treatment benefit. However, the
trial showed that patients with these features had a better
prognosis than expected, with 5-year recurrence-free
survival around 75% in both groups.” Given the outcome
of the ADIUVO trial and our experience, we proposed
a new stratification prognosis scheme to guide post-
operative management (figure 2). In our scheme, only
stage I-II adrenocortical carcinomas (R0 and Ki67 <10%)
are considered low risk. This category accounts for
approximately 30% of patients who are operated on and
can be managed with active surveillance. Because only
a few patients with stage III adrenocortical carcinomas
were included in the ADIUVO trial and there is evidence
that stage III is a poor prognostic factor, adjuvant
mitotane treatment might still be considered on an
individual basis, particularly if the patients are younger
than 50 years and fit.

(13) Which patients might benefit from adjuvant
cytotoxic chemotherapy?

Data are scarce on adjuvant therapy with cytotoxic drugs
in patients with adrenocortical carcinoma,*** and the
first two studies on this topic included only four patients
and 11 patients. In a study published in 2021, 31 patients
with a very high risk of recurrence (eg, median Ki67 30%)
who were treated with a platinum-based therapy were
retrospectively included.® Two different statistical
approaches (comparison with 31 matched control
individuals and propensity matching with 268 control
individuals) suggested a much better recurrence-free
survival and overall survival in the patients who received
chemotherapy than patients who were treated according
to current standards (90% received adjuvant mitotane;

www.thelancet.com/diabetes-endocrinology Vol 13 May 2025

Panel 2: Recommended systemic therapies for
adrenocortical carcinoma*

Adjuvant treatment options (for indication see

questions 11-13)

+ Oral mitotane monotherapy”

+ Adjuvant treatment with cisplatin, etoposide, and
mitotane (ADIUVO-2 study)

First-line therapies for advanced adrenocortical carcinoma
(for indication see questions 18-19)
+  First-line therapies

« Mitotane monotherapy*”*

» Etoposide, doxorubicin, and cisplatin plus mitotane”
+ Second-line and third-line therapies

+  Streptozocin plus mitotane”™

+ Gemcitabine plus capecitabine’®””

+ Pembrolizumab’”

+ Cabozantinib®*

+ Temozolomide®

*For more details see appendix p 5. For more information on the management of
mitotane see panel 1.

appendix p 2). A prospective single-arm study in children
and adolescents also showed beneficial effects of adjuvant
platinum-based chemotherapy in patients with stage III
adrenocortical carcinoma.® However, these scarce data
do not prove that adjuvant cytotoxic therapy is beneficial
in adrenocortical carcinoma. We therefore encourage all
clinicians to enrol all suitable patients in the randomised
ADIUVO2 trial (NCT03583710; open at the time of
writing this Review), or transfer them to participating
centres. Major inclusion criteria are stage I-III
adrenocortical carcinoma after radical resection (RO, Rx,
or R1 resection) with Ki67 greater than 10%. However,
when enrolment is not possible, we recommend
four cycles of cisplatin and etoposide in addition to
mitotane in patients at very high risk of recurrence
(figure 2).

(14) Is it worth using adjuvant radiotherapy?

Because local recurrences are common in patients with
adrenocortical carcinoma, even after complete resection,
adjuvant radiotherapy appears to be a feasible treatment
approach. Most studies on this topic show that adjuvant
radiotherapy reduces the risk of local recurrence.
However, only some of the studies showed an
improvement in both recurrence-free survival and overall
survival,” which was not supported by other studies™**
(appendix p 2). We are currently thus using adjuvant
radiotherapy primarily in patients without distant
metastases if there is a microscopically or macroscopically
incomplete resection, or after local recurrence surgery. In
both resection groups, the risk of repeat local recurrence
appears to be high and surgery is even more difficult
after a rupture of the tumour capsule. If the spread of the
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Panel 3: Management of mitotane therapy

Dosage and monitoring

» The exact starting dose schedule depends on the patient’s
and physician’s preferences.*

« Starting with high-dose regimen: 1.5 g on day 1; 3-0 g on
day 2; 4-5 gonday 3; and 6-0 g on day 4.

« Starting with low-dose regimen: 1.0 g on day 1 and increase
by 0-5 g every 3-4 days up to a total dose of 3-0-4-0 g/day.

«  Afterwards, the dose will be adjusted to tolerability, aiming
for mitotane blood concentrations >14 mg/L.

 Consider reducing the previously tolerated dose if adverse
effects occur that are not responsive to mitigating
treatment. The mitotane dose can be up-titrated when
symptoms improve.

« Consider temporary discontinuation in the event of grade
3-4 toxicity. Mitotane can be cautiously reintroduced after
atherapeutic holiday.

« Assessment every 3-4 weeks, with a physical examination
and laboratory tests (blood count and assessment of
electrolytes, liver enzymes, renal function, hormones, and
lipids)t; after 3-6 months these intervals can be extended.

» Mitotane blood concentration should be monitored every
6-9 weeks (more frequently in the first few months or in the
case of toxicity).

« Key adverse effects are adrenal insufficiency, asthenia or
fatigue, nausea or vomiting, diarrhoea, anorexia, dizziness
or vertigo, cognitive impairment, increase in liver function
tests, induction of cytochrome P450 enzymes (can cause
substantial drug-to-drug interactions), elevation of cortisol
binding globulin and sex hormone binding globulin (might
confound hormone assessment), elevation of cholesterol
and triglycerides, ovarian cysts, potential teratogenic effect
in premenopausal women, gynaecomastia, and reduction in
libido in men.

Supportive therapy
« High-dose glucocorticoid replacement in all patients (on
long-term treatment, most patients require 50-60 mg

tumour is restricted and localised, radiotherapy might be
the appropriate approach. Otherwise, adjuvant treatment
with mitotane plus four cycles of cisplatin and etoposide
is appropriate. Another question is whether mitotane,
platin-based chemotherapy, and radiotherapy should be
combined in the adjuvant setting for patients at high risk
of recurrence. We are cautious in this regard and only
rarely follow this triple therapy approach at our centres in
young and fit patients.

(15) What is the right treatment for patients after
incomplete surgery?

This scenario can present in a spectrum of conditions. If
metastatic lesions remain after surgery, they should be
treated following the recommendations for advanced
adrenocortical carcinoma (see questions 17-21). If

hydrocortisone per day, but some require up to
100 mg/day).

+ Mineralocorticoid replacement is needed in approximately
30% of patients receiving chronic therapy.

+  Metoclopramide and loperamide in most patients and
eventually ondansetron and proton pump inhibitors.

+  Provide effective barrier contraception methods in women
of childbearing age.

+ Other supportive therapies (eg, testosterone, thyroxine, and
statins) remain controversial.

Management of unwanted effectst

+  Prompt palliation of gastrointestinal symptoms with
specific treatment.

« Consider increase in glucocorticoid dose in cases of nausea,
asthenia, or fatigue and very high adrenocorticotropic
hormone concentrations (>250 pg/mL).

+ Consider mineralocorticoid replacement in patients with
very high renin concentrations or high potassium, gait
instability, dizziness, and orthostatic hypotension, or a
combination thereof.

+ Consider testosterone replacement in symptomatic men
with low testosterone concentrations.

«+ Consider statin therapy in patients at low risk of recurrence
on adjuvant treatment.

+  Consider thyroxine replacement in the case of relevant
reduction below the normal range in free thyroxine
concentrations.

» Consider folate and vitamin B12 supplementation in
patients with anaemia and deficiency.

*We do not know which regimen is optimal. Differences between the two schemes pertain
to the first months of treatment. Thereafter, many patients have stable blood mitotane
concentrations with 1-4 g/day and show have good tolerability to treatment. tHormones
include adrenocorticotropic hormone, renin, thyroid-stimulating hormone, free thyroxine,
and testosterone. fApproximately 20% of patients prematurely discontinue treatment in
the adjuvant setting due to toxicity.”

macroscopic remnants from the primary tumour are
present, radiotherapy combined with mitotane (with or
without platin-based chemotherapy) is usually the best
option. Sometimes, a reoperation might be necessary,
particularly if lymphadenopathy is present. However, we
do not recommend a second surgery after R1 resection,
but prefer adjuvant radiotherapy.

(16) How should patients with recurrent adrenocortical
carcinoma be managed?

Postoperative disease recurrence is frequent, even when
patients with adrenocortical carcinoma are managed in
high-volume centres with expert surgeons and evidence-
based adoption of adjuvant measures.”* In retrospective
studies, locoregional treatment of recurrence has been
associated with better outcomes compared with systemic
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treatment.”® However, such findings might be subject to
selection bias. Less aggressive adrenocortical carcinoma
might be over-represented in cohorts of patients treated
with locoregional therapies, meaning that tumour biology
could contribute to these findings. The duration of
disease-free survival after primary surgery is associated
with the pattern of disease recurrence, because
adrenocortical carcinoma recurs more frequently at
multiple sites within 12 months after surgery.®"® We
recommend  surgical extirpation of  recurrent
adrenocortical carcinoma whenever feasible with radical
intent (ie, when only one or a few tumoural lesions are
present) and when recurrence does not occur too early in
the postoperative period.” The time limits informing the
choice between systemic and locoregional treatments are
arbitrary. Current guidelines®® recommend systemic
treatment with no surgery if the disease-free interval is
shorter than 6 months, and surgery or other locoregional
treatments if the disease-free interval is longer than
12 months. If the interval is between 6 months and
12 months, the decision is individualised. Surgery can be
used in combination with other interventional techniques
and mitotane is usually introduced thereafter.

Management of advanced adrenocortical
carcinoma

In this Review, we use the term advanced adrenocortical
carcinoma for scenarios in which not all tumour lesions
can be surgically removed. This scenario is true for most,
but not all patients with stage IV adrenocortical
carcinoma, but also for some patients with stage III
tumours and many patients with recurrent disease.
Details regarding the recommended systemic therapies
are given in panel 2 and the appendix (p 4).

(17) What is the role of local therapies in patients with
metastatic adrenocortical carcinoma?
Despite little evidence, we are convinced of the beneficial
effects of local therapies—such as radiotherapy and
different types of ablation or embolisation—in specific
patients with advanced adrenocortical carcinoma. These
therapies can be effective as palliative treatments for
pain, neurological symptoms, or the prevention of short-
term complications. However, there is an increasing
body of evidence (exclusively from retrospective studies)
that recommend disease control (including partial or
even complete responses) by radiotherapy, radio-
frequency, microwave transarterial embolisation or
chemoembolisation, cryoablation transarterial emboli-
sation or chemoembolisation, or radioembolisation.”
Toxicities have been reported within the expected
ranges in most studies on other cancer types. Most were
graded as 1-3 with few grade 4 events,” but the
retrospective nature of the studies might have led to
under-reporting. Only a few studies investigated
predictive factors for treatment response. Smaller lesions
(<3 cm or <5 c¢m) and a longer disease-free interval after
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primary surgery seemed to be the most important
predictive factors.” For radiotherapy, we recommend
either stereotactic treatment with at least 35 Gy, or
conventional therapy with 50-60 Gy.**** Overall, these
studies and our experiences indicate that most local
therapies are effective in adrenocortical carcinoma. Local
therapies should therefore be considered more frequently,
either alone or in combination with other therapies in
advanced adrenocortical carcinoma. The best treatment
depends on the individual patient and the medical
expertise available. Prospective studies are needed to
provide more evidence for these underused treatment
options for patients with metastatic adrenocortical
carcinoma.

(18) What is the best first-line systemic treatment for
patients with advanced adrenocortical carcinoma?
Mitotane is an important therapeutic option for
inoperable or metastatic adrenocortical carcinoma and
is usually recommended as a monotherapy in cases of
low tumour burden or less aggressive disease."'"*”*
A multicentre cohort study investigated the efficacy of
mitotane monotherapy in 127 patients with advanced
adrenocortical carcinoma and showed an overall response
rate of 20-5%, a median progression-free survival of
4-1 months, and overall survival of 18-5 months.” Using
a multivariate analysis, a low tumour burden (<10 lesions)
and a disease-free interval greater than 1 year after initial
radical therapy were identified as the best predictive
markers."”

However, the therapy with the strongest published
evidence is EDP-M, which is therefore considered the
first-line therapy in most patients with advanced
adrenocortical carcinoma.” In the first ever randomised
trial in adrenocortical carcinoma with more than
300 patients, this combination indicated a significantly
longer progression-free  survival compared with
streptozocin plus mitotane (5-0 vs 2-1 months). In
addition, an objective tumour response occurred in
23-2% of patients in the EDP-M group compared
with 9-2% in the streptozocin group.” Patients who
received both therapies had almost identical overall
survival rates, irrespective of which regimen was given in
the first line (hazard ratio 1-06; 95% CI 0-76-1-47).
However, among patients who received only
one treatment, overall survival in the EDP-M group was
significantly better than in the streptozocin group
(17-1 vs 4-7 months; p=0-004). These results highlight
that in patients with less advanced or less aggressive
disease (eg, expected survival >6 months), EDP-M might
be used as a second-line treatment, which could allow
experimental drugs to be first-line treatments.

(19) What should be done for patients that do not
respond to first-line therapy?

More than 50% of patients with advanced adrenocortical
carcinoma have progressive disease within 6 months
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after starting first-line therapy, making this an important
and frequent question for patients and physicians.
However, the evidence behind our recommendations is
weak and therefore reflects our personal experiences.
Our first choice is always to enrol patients in a clinical
trial, despite the scarcity of specific trials, as this approach
was found to benefit patients in a French series published
in 2023." When availability and costs are not an issue
and molecular data from the individual tumour does
not provide strong evidence, we offer our patients
five treatment options (checkpoint inhibitors,
gemcitabine  plus  capecitabine,  streptozotocin,
cabozantinib, or temozolomide).”**** None of these
options are particularly effective (appendix p 5), but we
have seen individual patients benefit (eg, disease control
for more than 12 months), some even after not
responding to several previous regimens.

From the patient’s perspective, immunotherapy and
tyrosine kinase inhibitors seem to be good options.
Responses in prospective trials with immune checkpoint
inhibitors have been heterogeneous, however, a small
subset of patients responded very well and the toxicity is,
on average, lower than that of mitotane or cytotoxic
drugs.*”* Tyrosine kinase inhibitors are rapidly
metabolised if mitotane is still detectable in the blood
due to the well established strong induction of CYP3A4
by mitotane,”™ which is most likely why most trials with
tyrosine kinase inhibitors have failed to date.

However, a retrospective series® and a phase 2 trial®
highlighted the efficacy of cabozantinib. In the 18 patients
in the prospective trial, the median progression-free
survival was 6 months and the overall survival was
24 months (including two patients with partial
responses). We therefore increasingly tend to stop
mitotane treatment after a second clinically significant
progression (especially if mitotane blood concentrations
are >14 mg/L). One disadvantage of both tyrosine kinase
and checkpoint inhibitors is the high cost compared with
the less expensive temozolomide and gemcitabine plus
capecitabine. Temozolomide has good tolerability, is
taken orally, and is therefore the most frequently used
second-line therapy at our centre in Orbassano to date.

In patients progressing after all these therapies, salvage
therapy is individualised and, in some patients, best
supportive care is the most satisfactory approach.
However, we have treated many young patients in good
clinical conditions who request active treatment. In some
cases, the treatment options that we discuss as future
options could be individually considered.

(20) Can we predict the response to therapy?

If we were able to identify in advance which patients
would benefit from a given therapy, we could tailor
treatment. However, apart from mitotane blood
concentrations (question 22), there is no predictive
marker for routine clinical use. Several groups have
investigated markers in tissues or blood to establish

whether patients are more prone to respond to specific
drugs. Initial results for some biomarkers are promising,
but none have yet been substantiated in validation
studies.™

(21) Should tumour sequencing be used to support
therapeutic decisions?

Molecular profiling as a tool to identify potential
treatment targets is an emerging field in oncology. This
approach is most successful when the tumours have
specific molecular vulnerabilities that can be attacked by
targeted agents (eg, activating mutations of tyrosine
kinase receptors). In the past decade, sequencing and
other omic studies have greatly improved our under-
standing of the pathophysiology of adrenocortical
carcinoma.®"*"* There is increasing evidence that there
are probably three molecular subtypes bearing
differential regulation of the cell cycle, Wnt—f-catenin
signalling, and epigenetics, as well as different activities
of the intratumoural steroid machinery and
heterogeneous infiltration of immune cells.””

But why can this major increase in knowledge not yet
be transferred to clinics to improve patient care? Our
centre in Wirzburg has conducted genome-wide
analyses of more than 100 adrenocortical carcinoma
samples. Unfortunately, molecularly informed treat-
ments that lead to clinical benefits could be only initiated
in a small subset of patients. Although a detailed analysis
is still pending, the primary reasons why suitable
therapies could not be initiated include insufficient
druggable targets; potentially promising drugs could not
be applied due to the predicted interaction with mitotane;
the clinical condition of the patient had deteriorated
substantially; and health insurance companies refused to
cover drugs that had never been clinically investigated in
adrenocortical carcinoma. The latter restriction applies to
many countries, including Italy, where a restrictive policy
on the off-label use of newly developed, expensive cancer
drugs restricts the applicability of tumour sequencing.

Molecular profiling cannot therefore be recommended
yet as standard of care in adrenocortical carcinoma.
However, we often offer this option because there are
individual patients who benefit from molecularly derived
therapies (eg, enabling them to be included in clinical
trials)," which might pave the way for future clinical
studies.

Management of mitotane therapy

(22) How should patients receiving mitotane treatment
be monitored? How could tolerability to mitotane be
improved?

A major issue with mitotane therapy is the associated
toxicity. In our practice, we carefully explain to our
patients the potential toxicity of mitotane and how to
address it before attaining their informed consent to
treatment. Despite this toxicity, fewer than 15% of
patients refuse treatment due to potential adverse events.
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In the ADIUVO trial on patients at low risk of recurrence,
fewer than 30% of potentially eligible patients refused
randomisation because they feared treatment-associated
toxicity. All patients randomised to adjuvant mitotane had
several adverse events, although no severe toxicities were
observed. The ADIUVO trial showed that management of
adjuvant mitotane treatment is challenging even in expert
centres, since 19% of patients had to discontinue
treatment, and supported the pattern of adverse events
observed in previous retrospective studies® (panel 3).
Following the idea that high volumes of patients lead to
better management (question 4), we advise patients on
mitotane to be supervised in centres with a minimum of
ten (preferably 20) patients managed with mitotane
annually. To limit toxicity, patients should be offered
comprehensive supportive therapy and appropriate
education to recognise and treat adverse effects rapidly.
Due to the adrenostatic property of mitotane and the
strong CYP3A4 induction, a high-dose glucocorticoid
replacement (eg, 50-60 mg hydrocortisone per day) is
usually required to prevent adrenal insufficiency.
Additional mineralocorticoid replacement is only
necessary in a subset of patients who can be identified by
increased renin and borderline or high potassium.
Mitotane frequently alters many laboratory parameters,
including thyroid tests, gonadal tests, and lipid profiles."
Testosterone or thyroxine supplementation and statin
therapy are therefore used at some centres, but not all,
because the clinical benefits are not well documented.
However, additional supportive therapy to alleviate
gastrointestinal symptoms is often needed" (panel 3).
Management of mitotane treatment includes monitoring
the plasma concentrations of the drug based on the
therapeutic window theory. This theory originated more
than 30 years ago from studies that showed that
plasma mitotane concentrations above 14 mg/L were
associated with treatment efficacy, while concentrations
higher than 20 mg/L were associated with severe neuro-
psychological toxicity. These thresholds were arbitrarily
defined in small studies prone to selection bias and other
methodological problems.”” However, there is evidence
that both objective responses and neurological impairment
due to mitotane occur at lower concentrations."™”
Therefore, the widely accepted 14-20 mg/L therapeutic
range has come under scrutiny.” Because a substantial
number of patients do not manage to reach such
concentrations (approximately 40% in the ADIUVO
study®), individualised treatments should be the main
focus, not target concentrations. Periodic monitoring will
assist in customising the dose for each patient, although
the precise thresholds for effectiveness remain unclear.

Supportive care

(23) Which therapeutic measures are needed in addition
to anticancer treatments?

In addition to psycho-oncological support (question 24),
it is important to appropriately manage the adverse
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effects of mitotane (question 22) and other treatments.
These measures include antiemetics and, in specific
patients, granulocyte colony-stimulating factor during
cytotoxic therapy.”* More specific to adrenocortical
carcinoma is the active treatment of the relevant hormone
excess. Severe hypercortisolism is of particular concern,
as its clinical sequelae (eg, hypokalaemia, risk of
infection, and mood disorders) affect patient survival and
quality of life. Although mitotane has an inhibitory effect
on steroid synthesis, it can take weeks or months to
achieve adequate control of hypercortisolism. Therefore,
other steroidogenesis inhibitors with a more rapid onset
of action might be needed, including metyrapone,
osilodrostat, or ketoconazole.” For patients with bone
metastases, at our centres we use bisphosphonates or
denosumab on an individual basis to prevent
complications. There is, however, no definitive proof of
their effectiveness in reducing skeletal-related adverse
events or improving overall survival in patients with
adrenocortical carcinoma.” Finally, appropriate pain
management is required."

(24) When do patients require psycho-oncological
support?

An assessment of psychosocial distress and individual
psycho-oncological support and treatment needs should
take place as early as possible and throughout the course
of the disease. Health-related quality of life is an
emerging topic in oncology. However, specific studies on
adrenocortical carcinoma are scarce. The ADIUVO trial
showed that adjuvant mitotane treatment negatively
affects the quality of life of treated patients.” A Dutch
study has drafted an adrenocortical carcinoma-specific
health-related quality-of-life questionnaire® and more
studies on patient-reported outcomes are needed. Until
then, we follow the general recommendations of cancer
societies™ and offer our patients psycho-oncological
support at an early stage. In many comprehensive cancer
centres, different professional groups collaborate with
each other, including psychologists, social workers,
physical therapists, specialised nurses, and physicians
with different specialties. Psychologists close to the
patient’s home also must be involved.

(25) Which patients should be offered best-supportive
care and which should be offered palliative care?
Palliative care should be considered early in the disease
course of patients with cancer alongside curative
treatments, thus not only in the end-of-life period. In
a patient-centred care programme, palliative care should
be implemented as the preventive management of
psychological distress and physical symptoms, with the
aim of improving the quality of life of patients and their
families.”" We have included a palliative medicine
specialist in our multidisciplinary teams. However,
the early integration of palliative care in the
treatment of patients with adrenocortical carcinoma is
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For the ENSAT network see
https://ensat.org/

For the A5 network see https://
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adrenal-a5.org/

Search strategy and selection criteria

References for this review were identified through a search of
PubMed for articles published from Jan 1, 1950, to

Aug 15, 2024, using the search terms “adrenocortical
carcinoma” and “adrenal cancer”. We also searched the
Cochrane and Medscape databases with the same search
parameters. We included mainly articles published in English
from Jan 1, 2004, to Aug 15, 2024, but still included relevant
and highly referenced older publications.

underdeveloped. To date, we consider palliative care for
patients with advanced adrenocortical carcinoma and
poor performance status (ECOG 3 or higher), in patients
reporting intense symptomatology after chemotherapy
or due to cancer progression (eg, vena cava syndrome),
and in cases of severe distress associated with a diagnosis
of adrenocortical carcinoma.” An important step in
palliative medicine is the discontinuation of treatments
associated with unbearable adverse events, and we are
now discontinuing mitotane earlier than in previous
years. An issue specific to patients with adrenocortical
carcinoma is the treatment of Cushing’s syndrome,
which can be associated with severe symptoms and
distress for affected patients. We therefore try to control
symptoms that greatly affect wellbeing and for patients
whose anticancer treatments have been stopped to
improve their quality of life.

Conclusions and future perspectives

The evidence behind many of our recommendations in
this Review has not yet been sufficiently supported and
more prospective studies (both with diagnostic and
therapeutic endpoints) are needed. In this context, the
large randomised ADIUVO-2 study is of major
importance, although it will take several more years to be
completed. We would thus like to emphasise once more
that enrolment in clinical studies should always be
offered to the patient if available (even if referral is
necessary). From a pathophysiological point of view,
targeting the Wnt and p53 pathway would be interesting.
However, as these pathways are important for many cells
in the body, developing drugs that target only tumour
cells without unwanted systemic effects is challenging,
but clinical trials are underway.

We see a combination of approaches to be further
explored, applying not only to combining local and
systemic therapies, but also for checkpoint inhibitors
that are promising but frequently insufficient if used
alone. We believe that there are two plausible approaches.
First is the combination of checkpoint inhibitors and
tyrosine kinase inhibitors. Second is that targeting
glucocorticoid excess could be a prerequisite for
successful immunotherapy in many patients with
adrenocortical carcinoma. As glucocorticoid excess
might be more apparent and more relevant at the

tumour-cell level than systemically, anti-glucocorticoid
therapy could also be an option in patients without
obvious glucocorticoid excess. In addition, it might be
necessary to use a block-and-replace strategy. Another
promising treatment option might be CAR T cells, for
which it would be crucial to address the intratumoural
glucocorticoid excess. Exploiting theranostic concepts is
a successful approach in other neuroendocrine tumours.
Repurposed or specifically developed tracers have already
been tested and achieved disease control in some
patients.”*™* Lastly, drugs targeting IGF-R1 have shown
impressive success in individual patients, although they
failed statistically in a randomised trial.™ Again,
combination therapy might be necessary to overcome
intracellular compensatory mechanisms.

Although space constraints prevent us from providing
an exhaustive list, we believe that additional research
focused on the quality of life of patients with
adrenocortical carcinoma is needed to take patients’
preferences into account. International collaborations,
such as ENSAT or the A5 network are thus needed and
they have undoubtedly set the stage for major progress in
the next ten years.
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